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Abstract Room temperature ( R)0 K) deposition of antiinony trisclenidc thin niltis has been carried out onto glass substrates using simple and
L'vs expensive chemical bath deposition (CBD) method These hims arc characterized by means of structural, optical and electrical properties X ray 
U'gram shows that Sh,Sc, films consist ol line grams or nanoparticics These films are smooth and homogeneous fiom optical microphotographs 
,111.1 iianouystallinc as seen from SEM images The bandgap estimated from optical absorption is found to be 1 8 eV The room temperature dark 
. liLtncal resistivity is of the order of U-cm with n-type electrical conductivity
words Semiconductor, antimony insclenide thin film, chemical bath deposition 
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k In tro d u c tio n
Aniiinony t r is c le n id e  is a  la y e r  s tru c tu re d  s e m ic o n d u c to r  w ith  
o iihorhom bic c ry s ta l s tru c tu re . S b^S e^  th in  f i lm s  h a v e  a ttra c te d  
wide a tten tio n , d u e  to  th e ir  g o o d  p h tn o v o l ta ic  p ro p e r tie s  a n d  
th e r m o e le c t r i c  p o w e r  ( T E P ) ,  w h ic h  a l lo w  p o s s ib le  
applications fo r  o p tic a l  a n d  th e r m o e le c tr ic  c o o lin g  d e v ic e s . 
Shiniakawa [ 1 ] a n d  T ic h y  et. aL [2] h a v e  p ro p o s e d  an  e m p ir ic a l 
iclaiion to  in te rp re t th e  c o m p o s it io n a l d e p e n d e n c e  o f  th e  o p tic a l 
in ihe a m o rp h o u s  s e m ic o n d u c t in g  a llo y s  o f  S b S c , A few  
■'Indies on  th e  tr a n s p o r t  a n d  o p tic a l p ro p e r tie s  o f  S b ^S c j (2 , 3) 
and ShSe |4 -7 ]  h a v e  b e e n  c a r r ie d  o u t. V o u lsa s  et. al. [8 ] h a v e  
determ ined th e  c ry s ta l  s t ru c tu re  o f  Sb^Sc^ to  b e  o r th o rh o m b ic . 
An ex p e rim e n ta l in v e s t ig a t io n  o f  th e  e le c tr ic a l c o n d u c tiv ity , 
d ierinoelectric  p o w e r  a n d  m a g n e t ic  s u s c e p tib i l i ty  o f  so l id  a n d  
^'4uid Sb^Se.^ o v e r  a  w id e  te m p e ra tu re  ra n g e  w a s  c o n d u c te d  by  
^da/ov an d  F a ra d z h o v  [9 ], W o o d  et. al. [1 0 ] a n d  S h a ffe r  et. al.
I  ^M ca rr ied  o u t c o m p a r a t iv e  s tu d y  o f  p ro p e r tie s  o f  c ry s ta ll in e  
and am o rp h o u s S b 2Se^. T o ra n e  et. al. [ 12] a n d  D e sa i an d  G a n a g e  
i '3 | have d e p o s i te d  p o ly c r y s ta l l in e  S b ^ S e , th in  f i lm s  o n to  F T O  
<^’aicd g la s s  s u b s tra te s  b y  m e a n s  o f  e le c tro d e p o s it io n  m e th o d , 
‘‘‘^ inanik a n d  B h a tta c h a ry a  [1 4 ] h a v e  re p o r te d  a  c h e m ic a l b a th  
^^icthod fo r th e  d e p o s i t io n  o f  Sb^Se^ th in  f i lm s  a n d  th e  s p e c if ic
^i^rresponding A u th o r.
re s is ta n c e  o f  a m o rp h o u s  Sb-»Sc^ is  o f  th e  o rd e r  ol 10^ £2-cm  w ith  
an optica l bandgap o f  1.88 c V.
In th e  p re s e n t in v e s tig a tio n , S K S c ^  th in  f ilm s  h a v e  b een  
d e p o s ite d  b y  u s in g  s im p le  an d  le s s  e x p e n s iv e  c h e m ic a l b a th  
d e p o s itio n  (C B D ) m e th o d . T h e  p re p a ra tiv e  p a ra m e te rs  su c h  as 
c o n c e n tra tio n , v o lu m e , c o m p le x in g  a g e n t an d  d e p o s itio n  tim e  
a re  o p tim iz e d  to  g e l n a n o c ry s ta l lin c  Sb^Sc^ th in  film s. T h e  film s 
a re  c h a ra c te r iz e d  by  m e a n s  o f  s tru c tu ra l,  o p tic a l a n d  e le c tr ic a l 
p ro p e r tie s .
2 . E x p e r im e n ta l
T h in  f ilm s  o f  a n tim o n y  tr is c le n id e  w e re  p re p a re d  o n to  g la s s  
s u b s tra te s  f ro m  a n  a lk a l in e  b a th  (p H  =  10 .5) u s in g  so d iu m  
s e l c n o s u l p h i t e  ( N a 2 S e S O ^ )  a s  s e l e n id c  io n  s o u r c e  a n d  
tr ie th an o lam in e  (T E A ) as a  co m p lex in g  ag en t at rtn im  tem p era tu re  
(300  K).
A  10 m l o f  (0 .2  m o l. li t ." ’) o f  (a n tim o n y  p o ta s s iu m  
ta r ta ra te )  s o lu tio n  w a s  ta k e n  in  a  b e a k e r  o f  25 m l c a p a c ity . To 
th is , 1 m l o f  trie th an o la iiT in e  (T E A ) w as a d d e d  w ith  0.1 m l o f  
h y d ra z in e  h y d ra te  (8 0 % ) a n d  th e n , w ith  c o n s ta n t s t ir r in g , 6  m l 
(0.1 m o l. lit ’) (.sodium  se lc n o su lp h ite )  so lu tio n  w as  ad d ed . 
T h e  b e a k e r  w a s  k e p t a t  ro o m  te m p e ra tu re  (3 0 0  K ). T h e  c le a n e d  
g la s s  su b s tra te  w a s  k ep t im m e rse d  in  th e  re a c t io n  m ix tu re . A fte r
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a b o u t 4  h o u rs , th e  c o lo u r  o f  th e  re a c t io n  m ix tu re  tu rn e d  o u t a s  
re d d ish  b ro w n . T h e  b e a k e r  w a s  k e p t fo r  a b o u t  10 h o u rs . A f te r  
10 h o u rs , th e  f i lm  w a s  ta k e n  o u t, w a sh e d  w ith  d o u b le  d is ti l le d  
w a te r , d r ie d  a n d  le f t  in  a  d a rk  d e s ic c a to r .
T h e  f ilm  th ic k n e s s  w a s  m e a s u re d  by  g ra v im e tr ic  w e ig h t 
d if fe re n c e  m e th o d  a s s u m in g  b u lk  d e n s i ty  o f  S b 2S c 3 a s  5 .81  g /  
cm-^. T h e  th ic k n e s s  ( t)  is  g iv e n  by
t -  (m l pA) , ( 1 )
w h e re  m is th e  m a ss  o f  th e  f i lm , A is th e  su r fa c e  a re a  an d  p  is  th e  
d e n s i ty  o f  th e  m a te r ia l.
T h e  Sb^Se^ f i lm  w a s  c h a r a c i e r i /x d  b y  m e a n s  o f  X - ra y  
d if f ra c to m e te r  P W -  3 7 1 0 , in  th e  s c a n n in g  a n g le s  1 0 -  100° w ith  
C u K a r a d ia t io n  =  1.5 4 0 6  A). T h e  .surface m o rp h o lo g ic a l s tu d y  
w a s  c a r r ie d  o u t w ith  th e  o p tic a l m ic ro s c o p e  L e itz  O r th o p la n  
(G e rm a n y )  a n d  s c a n n in g  e le c tro n  m ic ro s c o p e , L E IC A  S 4 4 0 i. 
T h e  o p tic a l a b so rp tio n  m e a s u re m e n t w a s  c a rr ie d  o u t w ith in  3 5 0 - 
8 5 0  nm  w a v e le n g th  ra n g e  by  H itach i -  3 3 0  (Jap an ) U V -V IS -N IR , 
sp e c tro p h o to m e te r . T h e  e le c tr ic a l  r e s is t iv i ty  w a s  m e a s u re d  in  
th e  te m p e ra tu re  ra n g e  3 3 5 -4 2 8  K  b y  e m p lo y in g  a  d .c . tw o  p o in t 
p ro b e  m e th o d . S ilv e r  p a s te  w a s  e m p lo y e d  to  e n s u re  g o o d  o h m ic  
c o n ta c t.  T h e  w o rk in g  te m p e ra tu re  w a s  s e n s e d  b y  m e a n s  o f  
c a lib ra te d  C r-A 1 th e rm o c o u p le .
3. Results and discussion
3.1 Reaction mechanism :
7 'h e  f o r m a t io n  o f  Sh^Se^ in v o lv e s  f o l lo w in g  s te p s .  In  th e  
re a c t io n  m ix tu re , th e  h y d ro ly s is  o f  s o d iu m  sc le n o s u lp h i te  ta k e s  
p la c e  w h ic h  re le a s e s  s e le n id e  io n s  a s
Na^SeSO^ +  O H '  
HSe- + O fr  -^ ~ ^
■ Na-SO. + HSe- ,
H^O + S e ^ .
T h e s e  re le a se  o f  io n s  fro m  c o m p le x e d  p o ta s s iu m  a n tim o n y  
ta r ta ra te  as
(4)[ (T E A ))  - 4  Sb^^ +  ( T E A ) .
Sb^’^ io n s  r e a c te d  w ith  io n s  as
2  Sb^^ -f 3Se^- ^  S b ^e ^ . (5)
T h u s , f i lm  fo r m a tio n  ta k e s  p la c e  o n  th e  s u b s tra te
su r fa c e  d u e  to  a d s o r p tio n  o f  Sb^^ io n s  a n d  r e a c t io n  w ith  Se^~ 
io n s ,
3.2 Optimization o f the preparative parameters :
F o r  th e  o p tim iz a tio n  o f  c o n c e n t r a t io n  o f  p o ta s s iu m  a n tim o n y  
ta r ta ra te , c o n c e n t r a t io n  o f  p o ta s s iu m  a n tim o n y  ta r ta ra te  w a s  
v a r ie d  b y  k e e p in g  c o n c e n t r a t io n  o f  s o d iu m  s c le n o s u lp h i te  as
0.1 M  (1 0  m l)  w ith  (1 m l)  t r ie th a n o la m in e  (T E A )  a n d  d e p o s itio n  
t im e  a s  1 0  h o u rs . T h e  p H  w a s  m a in ta in e d  -  10 .5  b y  a d d in g  (0 .1  
m l)  h y d ra z in e  h y d ra te  a n d  c o r r e s p o n d in g  S b jS e ,  f i lm  th ic k n e s s  
w as m easured. F ig u re  1 sh o w s  v a r ia tio n  o f  S b ^ S e , f i lm  thickness
w ith  d if f e re n t  c o n c e n t r a t io n s  o f  p o ta s s iu m  a n tim o n y  tartarate 
It is fo u n d  th a t f i lm  fo rm a tio n  s ta r ts  a f te r  0.1 M  concen tra tion  of 
p o ta s s iu m  a n tim o n y  ta r ta ra te  o r  io n s  w h e n  io n ic  protiuu 
e x c e e d s  th e  so lu b ility  p ro d u c t a n d  th ic k n e s s  re a c h e s  a  maxunuri! 
v a lu e  a t 0 .2  M . A f te r  0 .2  M  c o n c e n tr a t io n , a v e ra g e  S b 2S c , fiJni 
th ic k n e s s  g o e s  o n  d e c re a s in g  d u e  to  th e  le s s  ra te  o f  the fiin^  
f o r m a t io n  th a n  th e  r a t e  o f  b u lk  p r e c i p i t a t i o n .  T herefo re  
c o n c e n t r a t io n  o f  p o ta s s iu m  a n tim o n y  ta r ta r a te  w a s  fixed ds
0 .2  M .
Figure 1. Variation of Sb,wSc, film thickness with conccntratiun nt 
potassium antimony tartarate with (0 1 M) soduim selenosulphik 
(10 ml), hydrazine hydrate (0.1 ml), TEA (1 ml) and deposition tinu 
10 hours.
V a ria tio n  o f  S b 2S c 3 f ilm  th ic k n e s s  w ith  v a r io u s  vo lum es ot 
(0 .1  M ) s o d iu m  s c l e n o s u lp h i t e  a n d  b y  k e e p in g  a ll o ihu
(2) p a ra m e te r s  f ix e d , su c h  a s  (0 .2  M ) p o ta s s iu m  a n tim o n y  tartaraic 
(1 0  m l) , h y d ra z in e  h y d ra te  (0 .1  m l) , T E A  (I  m l)  a n d  deposition
(3) tim e  10  h o u r  is sh o w n  in F ig u re  2 . It is fo u n d  th a t th e  Sb^Sc^ lilm
Figure 2. V a ria tio n  o f  S b^S e , f i lm  th ic k n e s s  w ith  v o lu m e  o f  (d 1 
s o d iu m  s e l e n o s u lp h i t e  w i th  ( 0 .2  M ) p o ta s s iu m  a n t im o n y  tartarate 
(1 0  m l) , h y d ra z in e  h y d ra te  (0 .1  m l) , T E A  (1 m l)  a n d  dep o s itio n  
10 h o u rs.
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thickness a tta in s  m a x im u m  v a lu e  a t  (6  m l)  v o lu m e  o f  so d iu m
sclen<vsulphitc.
F igure 3 s h o w s  v a r ia t io n  o f  f i lm  th ic k n e s s  w ith  d e p o s i t io n  
time. Maximum film th ic k n e s s  is  o b ta in e d  a t  d e p o s i t io n  t im e  o f  
lO hours b y  k e e p in g  a ll o th e r  p a ra m e te r s  c o n s ta n t  a s  (0 .2  M ) 
potassium a n t i m o n y  t a r t a r a t e  ( 1 0  m l ) ,  (0 .1  M )  s o d i u m  
sclenosulphite (6  m l) , h y d ra z in e  h y d ra te  (0.1 m l)  a n d  T E A  (1 m l).
**‘Rurc 4. X R D  pattern o f  as-deposited Sb^Sc^ thin film  onto glass substrate.
morphology:
Optical m ic ro g ra p h  o f  S b jS e ,  th in  f i lm  a t m a g n if ic a tio n  160 X  is 
show n in  F ig u r e  5 (a ) .  T h e  S b 2S e 3 f i lm  is  r e la t iv e ly  s m o o th  
h o m o g e n o u s .  F i g u r e  5 ( b )  s h o w s  s c a n n i n g  e l e c t r o n
m ic ro g ra p h  o f  S b jS e ^  th in  f i lm  a t th e  m a g n if ic a t io n  2 0 ,0 O 0 X . 
T h e  f i lm  is  w e ll c o v e re d  o v e r  th e  s u b s tra te  s u r fa c e . T h e  g ra in  
s iz e  o f  S b 2S c 3 th in  f ilm  is  e s t im a te d  b y  C o tt r e l l 's  m e th o d  [1 5 ] . 
T h is  m e th o d  re la te s  th e  n u m b e r  o f  in te rc e p ts  o f  g ra in  b o u n d a r ie s  
p e r  u n it  le n g th  a n d  is  g iv e n  by
Pi^^{n/2Kr)M  (6)
w h e r e  n is  th e  to ta l  n u m b e r  o f  in t e r c e p t s  a n d  M is  th e  
m a g n if ic a t io n  a n d  r  is  th e  ra d iu s  o f  c irc le . U s in g  th e  g ra in  
s iz e  L, >^as d e te rm in e d , s in c e
 ^p t in  
l l ^ a s l
(7)
T h e E s tim a te d  a v e ra g e  g ra in  s iz e  o f  Sb^Se^ by u s in g  a b o v e  
m e th o d  b e tw e e n  4 5 -5 0  n m  w h ic h  is in  g o o d  a g re e m e n t w ith  
th e  g ra i t is iz e  (2 7  n m ) e s tim a te d  b y  S c h e rre r 's  fo rm u la  fro m  X R D  
s tu d ie s .
t inure 3. Variation of Sb.Se, film thickness with deposition lime, with 
M) potassium antimony tartarate (10 ml), (0 1 M) sodium 
solfnosulphitc (6 ml), hydrazine hydrate (0 l ml), TEA (I ml).
j  Characterization o f Sb^Sc ^  thin films :
Stnwtural studies :
i igurc 4 s h o w s  X R D  p a tte rn  o f  a s - d e p o s i te d  S b 2S e 3 th in  f ilm  
onto g lass  su b s tra te .  X R D  s tu d y  re v e a ls  th a t  f i lm  fo rm e d  is o f  
S b ,Sc, w ith  o r th o r h o m b ic  c r y s ta l  s t r u c tu r e ,  w i th  o n ly  o n e  
icllcciion (0 2 1 )  o f  S b jS e ^ . T h e  lo w  in te n s i ty  re f le c t io n  in d ic a te s  
line grain o r  n a n o p a r t ic le  n a tu r e  o f  S b 2S e 3 m a te r ia l .
(a)
( h )
F ig u re  5. (a ) O ptica l m icrograph o f Sb,Sc, thtn film  at m agnification  
160 X  and (b ) Scanning e lectron  m icrograph o f Sb,Se^ th in  f ilm  at 
m agnification 20 ,0 0 0  X .
3.4 Optical absorption studies :
The variation of optical absorbance ( a t )  with wavelength (A)
is shown in Figure 6.
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T h e  a b s o r p tio n  d a ta  w e re  a n a ly z e d  u s in g  th e  fo l lo w in g  
c la s s ic a l re la tio n  fo r  n e a r-o p tic a l a b so rp tio n  in s e m ic o n d u c to rs
a  =
K(hv-Eg)  
hv
nn
(8)
F ig u r e  6 . P lo t o f  o p tic a l a b s o rb a n c e  ( a r )  versus w a v e le n g th  (A ) to i 
Sb^Se^ th in  film  on to  g lass substra te .
w h e re  K  is c o n s ta n t, Eg is  th e  s e p a ra tio n  b e tw e e n  th e  v a le n c e  
b a n d  a n d  c o n d u c tio n  b a n d , n is a  c o n s ta n t  e q u a l to  1 fo r  d ire c t 
g a p  se m ic o n d u c to r  a n d  4  fo r  in d ire c t g a p  m a te ria ls . T h e  v a ria tio n  
o f  (ahv)^ versus hv [F ig u re  7 ] is  lin e a r, w h ic h  m e a n s  th a t th e  
m o d e  o f  tr a n s it io n  in  thcwsc f i lm s  is  o f  d ire c t n a tu re . E x tra p o la tio n  
o f  th e  s tra ig h t l in e  p a r t  o n  th e  e n e rg y  a x is  f o r  z e ro  a b so rp tio n  
g iv e s  th e  o p tic a l e n e rg y  g a p  (Eg) as  1 .80  cV  fo r  S b 2Sc^ th in  film , 
w h ic h  is in g o o d  a g re e m e n t w ith  th e  e a r l ie r  re p o r t  a s  (1 .8 8  e V ) 
by P ra m a n ik  a n d  B h a tta c h a ry a  [ I4 j .
e le c tr ic a l re s is t iv i ty  o f  S b^S e^ film  w a s  o f  th e  o rd e r  o f  10^ 
a t ro o m  te m p e ra tu re  (27*’C ), w h ic h  is le s s  by  o n e  o rd er thar 
e a r l ie r  re p o r te d  v a lu e  114]. T h is  m a y  b e  d u e  to  th e  differcnct 
b e tw e e n  a m o rp h o u s  (as  re p o r te d  b y  P ra m a n ik  an d  Bhattachar>a 
an d  n a n o c ry s ta l l in c  n a tu re  o f  th e  S b 2S c 3 f ilm s . T h e  h ig h er valu 
o f  r e s is t iv i ty  m a y  b e  a tt r ib u te d  to  n a n o c ry s ta l l in i ty  o f  film oi 
g ra in  b o u n d a ry  d is c o n tin u it ie s ,  p re s e n c e  o f  su r fa c e  sta tes aru 
th e  sm a ll th ic k n e s s  o f  th e  f i lm . T h e  v a r ia tio n  o f  lo g  p  w ith \r\ 
[F ig u re  8] in d ic a te s  th e  s e m ic o n d u c t in g  n a tu re  o f  the film 
A c tiv a tio n  e n e rg y  fo r th e  e le c tr ic a l c o n d u c tio n  d e te rm in ed  Iron 
th e  p lo t is  fo u n d  to  be 0 .7 4  e V  a n d  is in  g o o d  a g re e m e n t with ilu 
e a r l ie r  re p o r te d  v a lu e  (0 .7 7  e V )  o f  sp ra y  p y  ro ly  zed  S b .Sc^ ihu 
film s [7J.
F ig u re  8. V ariation o f  log p  aga in st l /T  tor S b .S e , thin film  
3,6 Thermo e m f  measurement:
F ro m  th e  th e rm o  e m f  m e a s u re m e n t, it is fo u n d  th a t th e  polunt; 
o f  th e  th e rm a l ly  g e n e ra te d  v o lta g e  at th e  h o t e n d  is positive 
in d ic a tin g  S b 2S e 3 f i lm s  a rc  o f  n - ty p e , s im ila r  to  tho.se observe^
F ig u re  7 . V a ria tio n  o f  (ahv)^ a g a in s t  hv fo r  S b ,S c^  th in  f ilm  (d e riv e d  
from  F ig u re  6).
3,5 Electrical resistivity measurement
T h c e le c tr ic a lre s is t iv H y  m e a s u re m e n t b y  tw o  p o in t p ro b e  m e th o d  F ig u r e  9 . P lo t o f  in d u ced  e m f  versus te m p e ra tu re  d if fe re n c e  (A T) h’ 
w a s  c a rr ie d  o u t w ith in  te m p e ra tu re  ra n g e  3 3 5  -  4 2 8  K . T h e  d a rk  S b ,S c , thin film.
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hy Bhattacharya and Pramanik [16]. The dependence of thermo 
cnil (induced emO on temperature difference is depicted in 
Hisure 9. The plot shows that the increase in temperature 
Jillcrcnce results in increase in induced emf. This is attributed 
( 0 ihe increase in carrier concentration and / or mobility of charge 
earners with rise in temperature. The observed value of 
thcimoclectric power (TEP) is 0.11 mV / K.
4. Conclusions
Sh,Se, thin films are deposited by simple and less expensive 
chemical bath deposition method. XRD study reveals that Sb^Se, 
films consist of fine grains or nanoparticles which is also 
supported by SEM images. The optical bandgap is found to be 
, ,s eV. The room temperature dark electrical resistivity is of the 
iirder of 1 0  ^Q-cm with n-type electrical conductivity.
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